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ÅCƭŀǘƴŜǎǎ όǊŜƳŜƳōŜǊ ǘƘŜ улΩǎ ŀƴŘ флΩǎύ
ÅNearly Scale Invariant Spectrum
ÅNearly Gaussian Perturbations
ÅAcoustic peaks (in CMB T, CMB E, LSS)
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spectrum
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Dialog

Mike: Why do we observe peaks 
and troughs in the temperature 
spectrum?



Evidence

Dialog

Mike: Why do we observe peaks 
and troughs in the temperature 
spectrum?

Rocky: Perturbations in the pre-
recombination plasma (electrons, 
protons, photons) were governed by 
the wave equation. So there were 
acoustic oscillations, similar to those 
produced by musical instruments.



Evidence

Dialog

Mike: But you get a fundamental 
mode and harmonics in musical 
spectra because the ends of the 
strings are tied down; the Universe 
is not tied down!



Evidence

Dialog

Mike: But you get a fundamental 
mode and harmonics in musical 
spectra because the ends of the 
strings are tied down; the Universe 
is not tied down!

Rocky: Modes of different 
wavelengths start evolving at 
different times (short wavelength 
earlier; long wavelength later)
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Dialog

Mike: So what?

Rocky: Some modes have reached 
maximal amplitude at 
recombination. We see these as 
peaks. Others όάaƛŎƘŜƭƭŜ 
.ŀŎƘƳŀƴƴέ ƳƻŘŜǎύ peaked too 
soon; we see these as troughs. All 
modes exist: in our single 
snapshot, we see only some of 
them!
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Dialog

Mike: Well, that is a beautiful 
answer, but it neglects one key 
thing. A given wavelength has an 
infinite number of modes. The CMB 
first peak, first example, comes from 
a sum over an infinite number of 
Fourier modes, each with a different 
orientation.

Rocky: So what?



Evidence
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Mike: You assumed in your plot 
that the first peak mode started 
with constant amplitude. Now, 
ȅƻǳΩǾŜ Ǝƻǘ ǘƻ ŀǎǎǳƳŜ ǘƘŀǘ all of 
the inifinite modes start with 
constant amplitude. Who 
organized the phases so they 
were all the same?

Rocky: Hmm
Time/(400,000 years)
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Dialog

Mike: If the phases were 
random, the amplitudes of the 
first peak modes would look like 
ǘƘƛǎΦ {ŀƳŜ ǿƛǘƘ άŦƛǊǎǘ ǘǊƻǳƎƘέ 
ƳƻŘŜǎΣ ŀƴŘ ǿŜ ǿƻǳƭŘƴΩǘ ƎŜǘ ŀ 
coherent series of peaks and 
ǘǊƻǳƎƘΦ ²ŜΩŘ Ƨǳǎǘ ǎŜŜ ƴƻƛǎŜΦ
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